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DESCRIPTION 

LIGHT SOURCE DEVICE AND DISPLAY DEVICE 

CROSS REFERENCE TO RELATED APPLICATION 
This application is a continuation of PCT/JP 
02/02622 filed March 19 , 2002, which claims the priority 
of Japanese Application No. 2001-078546 filed March 19, 
2001, which is incorporated herein by reference. 

TECHNICAL FIELD 

The present invention relates to a light source 
device having a discharge tube emitting light by a 
discharge in a lean gas. 

BACKGROUND ART 

A backlight, as a light source device of a display 
device such as a liquid crystal display device, uses a 
light source device comprising one or a plurality of 
discharge tubes and a reflector. The discharge tube is a 
cold cathode tube, in which mercury is contained in a 
lean gas (such as Ar and Ne) and a fluorescent material 
is coated on the tube wall. Electrodes are provided in 
both ends of the discharge tube. The discharge tube is 
supported by the reflector with support members which are 
arranged at positions near the electrodes of the 
discharge tube. The backlight also has a light guide 
plate, and the light source device is arranged on the 
side of the light guide plate. 

When the high voltage is applied to the electrodes 
of the discharge tube, electrons are emitted by the 
electrodes and impinge against the mercury gas in the 
discharge tube. The mercury gas produces ultraviolet 
light, which impinges against the fluorescent material in 
the discharge tube to emit visible light. As the amount 
of the mercury gas in the discharge tube is reduced, the 
amount of emitted light is reduced and an operational 
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life thereof ends. Usually, a sufficient amount of 
mercury gas is sealed in the discharge tube to enable the 
discharge tube to have a long life, but there are 
discharge tubes having extremely short operational lives, 

5 

SUMMARY OF THE INVENTION 

The object of the present invention is to provide a 
light source device capable of a long operational life of 
a discharge tube, 

10 A light source device, according to the first aspect 

of the present invention, comprises a discharge tube, a 
reflector for reflecting a light radiated from the 
discharge tube, and support members for supporting the 
discharge tube to the reflector, said support members 

15 being formed of a heat insulating structure so as to 

prevent a temperature drop of a portion of the discharge 
tube near electrodes of the discharge tube. 

A light source device, according to the second 
aspect of the present invention, comprises a discharge 

20 tube, a reflector for reflecting a light radiated from 
the discharge tube, and support members for supporting 
the discharge tube to the reflector, the discharge tube 
being formed of a partially heat insulating structure so 
as to prevent a temperature drop of a portion of the 

25 discharge tube near electrodes of the discharge tube. 

A light source device, according to the third aspect 
of the present invention, comprises a discharge tube, a 
reflector for reflecting a light radiated from the 
discharge tube, and support members for supporting the 

30 discharge tube to the reflector, the support members 

being arranged at positions inward from ends of 
electrodes of the discharge tube so as to prevent a 
temperature drop of a portion of the discharge tube near 
electrodes of the discharge tube. 

3 5 A light source device, according to the fourth 

aspect of the present invention, comprises a discharge 
tube, a reflector for reflecting a light radiated from 
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the discharge tube, support members for supporting the 
discharge tube to the reflector, and a heat conduction 
member contacting a central portion of the discharge 
tube . 

5 in these arrangements, generally, the operating life 

of the discharge tube will end if the mercury contained 
in the discharge tube is consumed. Consumption of 
mercury occurs in such a manner that gaseous mercury in 
the discharge tube reacts with particles of metal of the 

10 electrodes (for example, Ni) caused by sputtering with 
electrons and is adhered to and captured by the inner 
surface of the discharge tube. A sufficiently large 
amount of mercury is usually inserted in the discharge 
tube, it takes much time for mercury to be consumed and, 

15 therefore, the operating life of the discharge tube is 
guaranteed to some extent. 

However, there are several discharge tubes among 
many discharge tubes which have extremely short operating 
life. According to the inventor's study, the extremely 

20 short operating life is caused by the following reason. 
That is, a portion of the discharge tube near the 
electrodes is primarily a portion at which the largest 
amount of heat is generated and the temperature is 
higher, but in the structure in which the discharge tube 

25 is supported to the reflector by the support members, 

heat of the discharge tube is thermally conducted to the 
reflector through the support members and further from 
the reflector to the housing of the display device, so 
that the temperature of the portion of the discharge tube 

30 near the electrodes becomes the lowest within the 

discharge tube. Also, the support members are arranged 
at positions near the electrodes of the discharge tube, 
the reflector is generally made of metal, and the support 
members are made of silicone so as to withstand the high 

35 voltage applied to the electrodes. Therefore, heat of 
the discharge tube is liable to be conducted to the 
reflector through the support members. 
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Mercury exists in the discharge tube in a gaseous 
state as well as in a non-gaseous state (liquid or 
solid). The liquid mercury is collected at the lowest 
temperature point in the discharge tube (because a 
5 concentration gradient is produced because of a 

difference in a saturated vapor pressure due to a 
temperature difference, mercury is conveyed by 
diffusion). Particles of metal of the electrodes caused 
by sputtering with electrons are deposited on the thus 

10 collected liquid mercury, and produces a thin membrane on 
the liquid mercury. This membrane prevents the mercury 
from evaporating, and the amount of the gaseous mercury 
in the discharge tube is reduced. If the amount of the 
gaseous mercury is reduced, the discharge tube becomes 

15 dark and the operating life thereof is short. 

Accordingly, in the present invention, a shortened 
operational life of the discharge tube is prevented by 
adopting the above-described arrangements so that the 
portion of the discharge tube near the electrodes of the 

2 0 discharge tube does not become the lowest temperature 

point and so that the liquid mercury is not captured and 
enclosed by the particles of metal of the sputtered 
electrodes, whereby the amount of the gaseous mercury is 
not reduced. 

25 The above-described light source device can be used 

as a light source device of an information processing 
apparatus and a display device. 

Further, the present invention provides an 
information processing apparatus comprising a light 

30 source device and a light valve receiving a light emitted 

by the light source device, the light source device 
including a discharge tube, a reflector for reflecting a 
light radiated from the discharge tube, support members 
for supporting the discharge tube to the reflector, and a 

35 layer of heat insulating material arranged between the 

discharge tube and the support member or between the 
support member and the reflector. 
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Further, the present invention provides a display 
device comprising a light source device and a light valve 
receiving a light illuminated by the light source device, 
the light source device including a discharge tube, a 
5 reflector for reflecting a light radiated from the 

discharge tube, support members for supporting the 
discharge tube to the reflector, and a layer of heat 
insulating material arranged between the discharge tube 
and the support member or between the support member and 
10 the reflector. 

Further, the present invention provides a light 
source device comprising a discharge tube, a reflector 
for reflecting a light radiated from the discharge tube, 
and support members for supporting the discharge tube to 
15 the reflector, the reflector being made of a resin. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings: 

Fig. 1 is a view showing the notebook type personal 
computer including the light source device according to 
20 the present invention; 

Fig, 2 is a view showing the display device 
including the light source device of the present 
invention; 

Fig. 3 is a plan view of the light guide plate and 
25 the light source device of the display device of Fig. 1; 

Fig. 4 is a sectional view of the light guide plate 
and the light source device of Fig. 3; 

Fig. 5 is a sectional view showing the discharge 

tube; 

30 Fig. 6 is a sectional view of the light source 

device including the discharge tube and the reflector; 

Fig. 7 is a sectional view of the light source 
device, taken along the line VII-VII in Fig. 6; 

Fig. 8 is a sectional view of the light source 
35 device including the discharge tube and the reflector 

according to another example; 

Fig. 9 is a sectional view of the support member of 
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Fig. 8; 

Fig. 10 is a sectional view of the light source 
device including the discharge tube and the reflector 
according to a further example; 
5 Fig. 11 is a sectional view of the light source 

device including the discharge tube and the reflector 
according to a further example; 

Fig. 12 is a sectional view of the light source 
device including the discharge tube and the reflector 
10 according to a further example; 

Fig. 13 is a sectional view of the light source 
device including the discharge tube and the reflector 
according to a further example; 

Fig. 14 is a sectional view of the light source 
15 device including the discharge tube and the reflector 
according to a further example; and 

Fig. 15 is a sectional view of the light source 
device including the discharge tube and the reflector 
according to a further example. 
2 0 BEST MODE FOR CARRYING OUT THE INVENTION 

Embodiments of the present invention will be 
explained hereinafter with reference to the accompanying 
drawings. Fig. 1 is a view showing the notebook type 
personal computer including the light source device 
2 5 according to the embodiment of the present invention , and 

Fig. 2 is a view showing the display device including the 
light source device according to the present invention. 

In Fig. 1, the notebook type personal computer 1 
comprises a body 3 having a keyboard 2 and electronic 
30 circuits, and a display part 5 having a display 4 such as 
a liquid crystal display device. The display part 5 has 
a light source device 18. The notebook type personal 
computer 1 of Fig. 1 includes one light source device 18 f 
but it is possible to arrange two light source devices 
35 18 , as in the case of the display device 6 of Fig. 2. 

In Fig. 2, the display device 6 comprises a body 8 
having a display 7 such as a liquid crystal display 
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device and electronic circuits. The body 8 has light 
source devices 18. The display device 6 of Fig. 2 
includes two light source devices 18, but it is possible 
to arrange one light source device 18 , as in the case of 
5 the notebook type personal computer 1 of Fig. 1. 

Fig. 3 is a plan view of the light guide plate and 
the light source device of the display 4 of Fig. 1, and 
Fig. 4 is a sectional view of the light guide plate and 
the light source device of Fig. 3. In Figs. 3 and 4, the 

10 display 4 includes a liquid crystal display panel 12 and 

a backlight 14. The backlight 14 includes a light guide 
plate 16, the light source devices 18 arranged at the 
side of the light guide plate 16, a scattering reflection 
plate 2 0 arranged below the light guide plate 16, and a 

15 scattering plate 22 arranged above the light guide plate 
16. 

The light source device 18 comprises a discharge 
tube 24 and a reflector 26. A part of the light emitted 
by the discharge tube 24 is made directly incident to the 

2 0 light guide plate 16, and another part of the light 

outgoing from the discharge tube 24 is reflected by the 
reflector 2 6 to be made incident to the light guide plate 
16. The light travels within the light guide plate 16, 
is reflected by the scattering reflection plate 20 to 

25 leave the light guide plate 16 toward the liquid crystal 

display panel 12, and is made incident to the liquid 
crystal display panel 12 after being scattered by the 
scattering plate 22. The liquid crystal display panel 12 
forms an image, and the light supplied from the light 

30 source device 14 illuminates the image formed by the 

liquid crystal display panel 12, so that a viewer can see 
a bright image. 

Fig. 5 is a sectional view showing the discharge 
tube 24, and Fig. 6 is a sectional view showing the light 

35 source device 18 including the discharge tube 24 and the 
reflector 26. Fig. 7 is a sectional view of the light 
source device 18, taken along the line VII-VII in Fig. 6. 
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The discharge tube 24 comprises a cold-cathode tube 
called a fluorescent lamp. Electrodes 24A made of metal 
such as Ni or w are arranged in the ends of the discharge 
tube 24. Lean gas (such as Ar or Ne) and mercury 2 8 are 
5 inserted and sealed in the discharge tube 24, and a 

fluorescent material is coated on the inner surface of 
the discharge tube 24. The reflector 26 comprises an 
aluminum mirror, for example, and has a cross-sectional 
shape such a U-shape to cover the discharge tube 24. 

10 Support members 25 are arranged on the discharge 

tube 24 near the electrodes 24A for supporting the 
discharge tube 24 to the reflector 26. The inner surface 
of the support member 25 is in close contact with the 
discharge tube 24, and the outer surface of the support 

15 member 25 is in close contact with the reflector 26. A 

portion of the electrode 24A is within the discharge tube 

24, and another portion of the electrode 24A extends to 
the exterior of the discharge tube 24 through the end of 
the discharge tube 24 and the end of the support member 

20 25. 

The support member 2 5 is formed of a heat insulating 
structure so as to prevent a temperature drop of a 
portion of the discharge tube 24 near the electrode 2 4A. 
In this embodiment, the support member 25 is made of a 

25 material having high heat insulating property and high 

voltage withstanding property. For example, the support 
member 2 5 is made of Aramid fiber. The support member 2 5 
can be made of glass wool. 

In the structure in which the discharge tube 24 is 

30 supported by the reflector 26 with the support members 

25, there is a tendency that heat of the discharge tube 
24 is thermally conducted to the reflector 26 through the 
support members 25, and further from the reflector 26 to 
the housing of the display device, so that the 

35 temperature of a portion of the discharge tube 2 4 near 
the electrodes 24A may be reduced. 

Conventional support members are made of silicone so 
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as to withstand the high voltage applied to the 
electrodes, and the heat of the discharge tube 2 4 is 
thermally conducted to the reflector 26 through the 
support members 25, because silicone has a good heat 
5 conductivity, so that the temperature of the portion of 
the discharge tube 24 near the electrodes 24A may be 
possibly reduced to the lowest value. Therefore, liquid 
mercury is collected at the portion of the discharge tube 
24 near the electrodes 24A where the temperature is 
10 lowest, resulting in the reduction of the amount of 

gaseous mercury and a short life of the discharge tube 
24. 

In the present invention, the support member 2 5 is 
formed of a highly heat insulating material, so the heat 

15 of the discharge tube 2 4 is not so mush thermally- 
conducted to the reflector 2 6 through the support members 
25, and the temperature of the portion of the discharge 
tube 2 4 near the electrodes 2 4A is not reduced to the 
lowest value. The portion of the discharge tube 24 near 

20 the electrodes 24A is a portion at which the amount of 
the generated heat is primarily maximum and the 
temperature is higher, and the position at which the 
temperature becomes lowest in the discharge tube 2 4 is 
shifted toward the center from the region in which the 

25 support member 25 extends. Therefore, liquid mercury is 

not collected at the portion of the discharge tube 24 
near the electrodes 24A. 

On the other hand, metal of the electrodes 24A of 
the discharge tube 24 is sputtered with electrons during 

30 discharge and particles of metal of the electrodes 24A 

are deposited on the inner surface of the discharge tube 
24. The region in which particles of metal of the 
electrodes 24A are deposited on the inner surface of the 
discharge tube 24 is limited to the region within a 

35 restricted distance from the end of the electrode 24A. 

For example, in the case of the discharge tube 2 4 having 
the diameter of 5 mm, the region in which particles of 
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metal of the electrodes 24A are deposited on the inner 
surface of the discharge tube 24 is within approximately 
10 mm from the end of the discharge tube 24 or within 5 
mm from the end of the electrode 24A. 
5 Liquid mercury is not collected in the region in 

which particles of metal of the electrodes 24A are 
deposited, so liquid mercury is not captured by particles 
of metal. Therefore , according to the present invention, 
most liquid mercury can continue to evaporate and the 

10 amount of gaseous mercury is not reduced, so the 

operating life of the discharge tube 24 is not shortened. 

Fig. 8 is a sectional view of the light source 
device 18 including the discharge tube 24 and the 
reflector 2 6 according to a modified embodiment, and Fig. 

15 9 is a sectional view of the support member of Fig. 8. 

Support members 25 are arranged on the discharge tube 2 4 
near the electrodes 24A for supporting the discharge tube 
24 to the reflector 26. The support member 25 is formed 
of a heat insulating structure so as to prevent a 

20 temperature drop of a portion of the discharge tube 24 

near the electrode 24A. In this embodiment, the support 
member 25 is made of silicone, similar to a conventional 
support member, but the support member 2 5 has a hollow 
portion 25B to realize a heat insulating structure. The 

25 operation of this embodiment is similar to that of the 

previous embodiment . 

Fig. 10 is a sectional view of the light source 
device 18 including the discharge tube 24 and the 
reflector 26 (reflector 26 is omitted in Fig. 10) 

30 according to a modified embodiment. In this embodiment, 

the discharge tube 24 is partially formed of a heat 
insulating structure so as to prevent a temperature drop 
of a portion of the discharge tube 24 near the electrode 
24A of the discharge tube 24. In other words, the end 

35 portion of the discharge tube 24 is formed in a double- 
tube structure having an outer tube portion 24o and an 
inner tube portion 24i, so that a heat insulation part 
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comprising an air layer or a vacuum layer is provided 
between the outer tube portion 24o and the inner tube 
portion 24i. The support member 25 is arranged around 
the outer tube portion 24o and supports the discharge 
5 tube 24 to the reflector 26. The operation of this 

embodiment is similar to that of the previous embodiment. 

Fig. 11 is a sectional view of the light source 
device 18 including the discharge tube 24 and the 
reflector 26 according to a modified embodiment. In this 

10 embodiment, the support members 25 are arranged at 

positions inward from the ends of electrodes 2 4A of the 
discharge tube 24 so as to prevent a temperature drop of 
a portion of the discharge tube 24 near the electrode 24A 
of the discharge tube 24. As described above, the region 

15 in which particles of metal of the electrodes 24A are 

deposited on the inner surface of the discharge tube 24 
is limited to the region within a restricted distance 
from the end of the electrode 24A. The support members 
25 are arranged on the outside of the regions in which 

20 particles of metal of the electrodes 24A are deposited 
(i.e., inward positions). 

In this case, the support members 2 5 are not 
necessarily made of a heat insulating material, and are 
made of silicone, for example. Therefore, the 

2 5 temperature is lowest at the portion of the discharge 

tube 24 where the support members 25 are located due to 
the thermal conduction through the support members 25, as 
described above. However, as the lowest temperature 
portion of the discharge tube 24 is out of the region in 

30 which particles of metal of the electrodes 24A are 

deposited on the inner surface of the discharge tube 24, 
so liquid mercury is not captured by particles of metal. 
Therefore, according to the present invention, most 
liquid mercury can continue to evaporate and the amount 

35 of gaseous mercury is not reduced, so the operating life 
of the discharge tube 24 is not shortened. 

Fig. 12 is a sectional view of the light source 
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device 18 including the discharge tube 24 and the 
reflector 2 6 according to a modified embodiment. In this 
embodiment, the light source device 18 comprises support 
members 25 arranged at positions near electrodes 24A of 
5 the discharge tube 24 for supporting the discharge tube 

24 to the reflector 26, and a heat conduction member 32 
contacting a central portion of the discharge tube 24. 
The support members 25 are made of silicone. The heat 
conduction member 32 is made of silicone having higher 

10 heat radiating property. Alternatively, it is possible 

to arrange fins on the heat conduction member 32 or to 
deliver cooling air from a fan. 

The heat conduction member 32 also contacts the 
reflector 26 and releases the heat of the central portion 

15 of the discharge tube 24 to the reflector 26 to move the 
lowest temperature portion to the central portion of the 
discharge tube 24. Therefore, liquid mercury is not 
collected to a portion of the discharge tube 24 near the 
electrodes 24A, and liquid mercury is not captured by 

20 particles of metal. Therefore, according to the present 
invention, most liquid mercury can continue to evaporate 
and the amount of gaseous mercury is not reduced, so the 
operating life of the discharge tube 24 is not shortened. 
Also, by moving the lowest temperature point to the 

25 centrer of the discharge tube 24, mercury 28 evaporates 
mainly at the lower temperature portion and resultant 
gaseous mercury diffuses in the whole discharge tube 24. 
The diffused gaseous mercury also returns to the lower 
temperature portion. In this way, gaseous mercury is 

30 uniformly distributed in the whole discharge tube 24, and 

the temperature and the pressure of gaseous mercury are 
substantially uniform in the whole discharge tube 24. 
That is, it is possible to control the temperature of 
gaseous mercury, by making the lower temperature point. 

35 The brightness of light emitted by the discharge tube 24 
becomes maximum at the optimum concentration of gaseous 
mercury, and the corresponding temperature, in the 
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discharge tube 24, and the brightness of the light 
emitted by the discharge tube 2 4 is lower than the 
maximum value if the concentration of gaseous mercury is 
higher or lower than the optimum concentration or if the 
5 temperature in the discharge tube 2 4 is higher or lower 
than the optimum value. In this embodiment, it is 
possible to acquire the maximum brightness of the light 
emitted by the discharge tube 24, by moving the lower 
temperature point in the discharge tube 24 to thereby set 

10 the temperature in the discharge tube 24 at or near the 

optimum value. 

Fig. 13 is a sectional view of the light source 
device 18 including the discharge tube 24 and the 
reflector 2 6 according to a modified embodiment. Support 

15 members 25 are arranged at positions near the electrodes 
24A of the discharge tube 24 for supporting the discharge 
tube 24 to the reflector 26. A layer of heat insulating 
material (heat insulating sheet) 34 is arranged between 
the discharge tube 24 and the reflector 26. The 

20 discharge tube 24 is attached to the reflector 26, with 

the layer of heat insulating material 34 bonded to the 
support member 25. The support member 2 5 is made of 
silicone as in the conventional case, and the layer of 
heat insulating material 34 is made of meta-type Aramid 

25 fiber (Cornex from Teijin Corporation, for example). The 

support member 2 5 has a good heat conducting property, 
but the layer of heat insulating material 34 blocks the 
heat to thereby prevent the heat from escaping from the 
ends of the discharge tube 24 to the reflector 26. 

3 0 Therefore, a temperature drop of a portion of the 

discharge tube 24 near the electrodes 24A is prevented. 
The operation of this embodiment is identical to that of 
the previous embodiments . 

Fig. 14 is a sectional view of the light source 

35 device 18 including the discharge tube 24 and the 

reflector 26 according to a modified embodiment. Support 
members 25 are arranged at positions near the electrodes 
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INDUSTRIAL APPLICABILITY 

As explained above, according to the present 
invention , it is possible to provide a light source 
device having a discharge tube having a long operating 
5 life. 



